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(54) IMe: FLOW-limoyGH CAPACITCMa AND CHROMATOCHtAPmC SYSTEM Am METHOD 
(57) Abstract 

A flow-through capacitor (10) and a caatroQed chaige chroman^i^l]^ 
column ^tem using the Q9»acitor (10) for jdie pudfication of a.fluid-a»^^ 
material, which ix>lumn oo0]|}rises an inlet for'a fluid to be pu^fied and an outlet 
for the dischar^ of the purified fluid, and a flow-through capacitor (10) disposed 
withhi the column. The flow-through capacitcn* (10) comprises a plurality of 
spirally-wound laym (12, 14. 16, 17, 18, 20, 21, 22), stacked washer or rods to 
inchide a first elechically conductive baddng layer (H 20), such as of gr^hite, 
and a first high surface area conductive layer (16, 21) secured to one side of 
the backing layer (14v 20), such as caitxm fibers, and a second high smfiu^e aiea 
conductive layer (17, 22) secured to the opposite side of the backmg layer (H 
20), the high suiface area material layers (16, 17, 21, 22) arranged to face each 
other and s^arated by a nonconductlve, ion-penneable spacer layer (12, 18) to 
insulate electrically the backmg (14^ 20) and conductive layer (16, 17, 21, 22)* 
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DESCRIPTION 

Ftow^-Huoiigh Cqiacitor jindl CSitoinatQeniidiic System and Method 

Backgromid of the Inveiition 
Ti^re me pricxr patdDts directed to a flow-tbtrougli capacitor and the use of the 
5 flow-through capacitor in a controlled charge chnimalognqriik^ column and system and 
to a method of op^tion of die flow-tfaroiigh capadtor aiid chrdxnatognqphic systeih, 
all directed to die purification of liquids. In one eihbddinimt> die flopf^lhiouig^ 
ciqiacitor oonqnises a q^iratty-wound flow'throu^ c^citor con^ridi^ a phudiiy of 
adpceiat hyeis, and ^fpicatty, wound about a pbrdiis, noiicohdiictive tube and 

10 contauiing ano<te and cathode leads adapted to be connected to a DC power sapply to 
pniWde lor activatiM df the anode auid cathode. In amiili? embodhneut, priw 
invention is direded to a flowH^brough ca^iadtof in a sladked ooluinh form about a 
cenlral porous iioneoildiietive tube and also Icir use in a dhnmiatc^rairiiiiD column and 
system for the jpiu^ Both die spiraUy-wound and the sm(^ed c^^ 

15 fld^-^thitnlgh caqiacit<»s are adapted to be placed within a housuig widi an inlet for die 
introduction of a liquid to be purified and an oudet for die disdiarge of a purified liquid 
and a concenttated hquid. 

The flow-tbnmgh capacitor comprises: apturality of adjacoU, alt^nativeiaya^ 
of a spacCT lay^ conqMrisiD^ a non-elecfrically conductive, ion-pcmnis i^cer, sudi as 

20 nylon cloth, to pmmt the flow of liquid dieretfarough; an electrically conductive 
backing lay^, such as graphite foil, and a high surface area Ixyer on the conductive 
backup layer conqnisiiig a high surface area, electrically conductive lay^, such as 
activated carbon, to act as the slaticmary |duise» for exan^le, of a chromatogFairiiic 
column. As disclosed, a plurality of the iaytxs are first and seccmd spac» layers, 

25 liaddag layos and sorEace area layers arranged in a qnral or a stad^ column form 
housing and dien anode and cadiode leads connected, e.g. integrally and respectively, 
to the first and seomd baddng layers, and to a DC power source to provide sqmate 
and qsposite dectrical charges on die baddng laym and on die high surface area 
layers. The fluid is passed through the flow-tiuou^ cqiacitor, such as, for exanq)le, 

30 an aqueous salt solution, to provide for die recovery of a ccmcentrated salt and a 
purified liquid. 
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It is desiiable to provide a new and unproved fidw^ttiiiqgti capacitiv, 
cSxotositagts^^ ^fstem and nietiiod to sunpUfj^ tifate oanstructtdD and niantifacture oi 
die £iow-4iroi^ capacito system and metliod ami which provides for an increased 
efficiency in tbe puriiScation of fluids. 
5 5iniiHnary of the linrfentkm 

The ifmsent inventidfi r&lat^ to a ikm-tfiitiiigh capaciior aiod inetfabd of 
mannlactiire and opcfattcm aiid a cfaroinatofic^ i^stem and method employing the 
fkWHSiFough capacitor for the piirificatioQ of fluids. 

The invention concerns a flow-through capacitor for use in the etectrical 
10 s^oratioii of a fluid, such as for example, but not limited to^ a liquid containing one 
or mcfe ionic con^xmrats therein to be sq)aiated or omcentrated, and which flow- 
dirough cs^citor cbnq)rises a porous, first high surfoce area, electrically condrctiVe 
mat^ial to act as an anode and a porous, seccmd fa%fa sitfface area, elediicalfy 
conductive mtetisi to act as a cathode. The cq)acitor also includes an iontcally 
15 conductive or permeable^ diectrkaAly insuiatuog ^iacisf mateml betwe» die &st and 
second h^gli surface area matmals to isolate dectric8% the first and second, 
siirfoceareamatsials. The fust and seccmd Ugh suriai^are^ 
in the flow^dirDiigh capadHor to face directfy eadi cdha^ wtdi cmly the ^lacer matedai 
iitten^aiiig. The fikmHAiouig^ csQWitQr also includes eiecincal feads adapted to 
20 ccmnect the anode and cathode ctf tibe xespective high s«rfecearea malBfiakloa iscmrce 
of electrical power, aiid ijincalfy mdiides a hon^ to eomaiii die fiow-tfarou^ 
capacitor witti an inlet to diiect a fluid to be sepantfed into the fk>w4^ 
and into the space between the first and second high surfooe area materials of the 
cqndtor, and an outlet to recover ttie separated, purified fluid stieam and a 
25 cmcotrated fluid stream. 

It has been discovo^ that a significant and surprising inQnx>vem»t in the 
efficiency of the dectrical separation or inirification of a fluid is accomplished when 
the geomc^ of the flow-through capacitor is designed such Oat the first and second 
high surface area layers directly face each oth^ across only an insulating spacer layer 
30 without die enq>loym^ of a conductive backing layer intnposed tho'dietween. 
Optionally, where a conductive baddng hy^ is enqiloyed, the flow-tiuDugh capacitor 
includes electrically conductive baddng matmal layers having qf^iosite sides and with 
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die fifst and secxmd dtectrically coiidDCtive h^gti jsniface aiea matedds di^iosed 
tesfpeetiviety and secQRid to the opponte ^des of a pair erf the oondticiive baddo^ 
mausrial to prodoce a fldw-flifoi^ c^pacitcn" wbbh bcludes ad^crat layers^ eitfaar in 
jS]»iBl, stadced, tod or tube fom ixr in otb^ geomietiy fonn, conqni^g a fiist ihigh 
5 smfaoe wea nsiterial add electrically coiidactive babldnf inatmal and a second Ugjh 
surface area imtenal and an electrically noncdnductive sjpacer matmEd adjacaoit dtli^ 
side of the first lugh surface area matsdal and the second high surface aiea matmal to 
form an anode-cathode unit of the flow-dirough c^acitor. 

A wide variety of differe»it geon^es may be employed in the flow-thioagh 

10 caqpacilcnr coo^stait with havii^ the high surface area nuterial represrating the anode 
and oithode pairs of each anode-cathode umt facing each aihest as ahernaUng anode- 
cathode pairs to enhance the quality md effidoicy of the electrical fluid separation. 
Tiie anofe and cathode units may be partially or pcuqilet^ enclosed eangployitig 
electrically oond^ backing tkym irifli flieMgh surfiiceiiea ni^^ in 

15 hyi^ form £adqg eadh ddi^ or by omittnig the ideefricaUy eondiicidyebacidi^^^^^ 
material entirety and u^^ the first and seoond hi0k surface area mainial^ an anode^ 
catitodectfiodianbedw Sanwihepnpaition 
df the h^ siirfiice aieia miatmai or layer is incnsased in the ineseiit ssome&y relative 
to the optional use of dectricatty eoodoctive backing layars and insulating spacd- 

20 matmals and layers, tiie amount of eiflier re(|iiiired is aliso reduced, whidh permits a 
mote a>iiq)act geoitaetry and allows flie aiKKte ami cathode layers to be clos^ to t^di 
odier; thor^ore, diminishing harmful, internal resistance of die fihyw-throu^ capacitor. 
It has been discovered that a flow*tfarough ciqmcitor of this type of geom^ provides 
for increased speed of purification of the fluids thmthrough and ivitfa an increase in the 

2S eCfici«cy of the fluid purification. 

Hie invention also includes a method for the purificaticm of a fhdd contammg 
one or more ionic conqxments theiem by electrical separatimi and which method 
comprises introducing a fluid, particularly a liquid having one or more ionic 
components thoein to be rmoved m reduced in concentFation, into the iidet of a 

30 housmg which omtams a flow-throii^ cqadlor as desoibed, with die anode and 
cathode <rf each anode-cathode unit in the flow-tfaroi|gh oqpacitor dectricaOy connected 
to a DC powo* supidy to provide a controlled charge on the anode-cadiode layers in the 
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the direct feeing mKide-Gafhode iay^ md wifbiii the ^:iao^ msrtimai^ Widie the aioade 
mi catliode liave dS^mset cfaai;^ to peniiit controlled cliaige lib^f^km of cm tit 
niore of the ionic inateriais m the fhiid to be poijfied onto the one or both hi^h isiiiface 
5 aiea matorials^ and dischaiging the purified fluid from Ae oaki of ilie housiiig and 
removing p^odically a concentrated liqaid axitaining die absoibed ionic materials. 
The method is j^aiticiilariy adapted to tfie en^loymrat of an aqueous solution containing 
one or more ionic sialts to provide a purified aqueous sohition with removal or rediicticHi 
sqiaration of one or more of the ionic salts in tiie soliiticHi. 

iO The high surface airea conductive material e»iployed in the flow-ihrougb 

capadtor may be eniployed in various forms, but usually is raipioyed in layer-*^pe 
form. The hi^ surface area matmal useful in the practice of the invraticm may 
cdngxrise a wide variety of <dectrically conductive amtorials, iddm or in combinatioh, 
i^uch as, but not limited to: activaled carbon in partetey fiber, or ^j^^ 

15 aciivaled carbon jparticles brau^ or r£«uned totg«te a binto joiaterial 16 ibnn 
a oontumcms high sittftc^ area inaiierial; woven or non-wofven activated caibon fibroos 
sheds or dqih; con^aessed, aciivated catbcm particles mr fibers; or mdal, leaecAricalfy 
conductive partidos. TheMgh sorfiioe area material may indlode one or mor^ electrical 
condnctiviiy caduwaog additives or treatmrats^ siibh as die uise (rf activ^ed caibon 

20 fiheats or piartides coated or plated with a conduotive niatarud of metal lifce palladinm 
or pbdimnn ismss bladk. Fw exanvle, one 1^ smfoDe nea material boiiqirises 
ccmqnessed, activated carbcm particles or fibers or mixtures widi tomogomras mixed 
conductivity eohancm, such as gr^hile, acetylne black, noble metals or noble meial 
plated materials, fiiUaimes, or omduclive ceramics m conductive polymm. In another 

25 example, the hi^ surface area matoial may conqnise a woven cartxm fib^ doth with 
activated caibcm strands int^woven or admixed with strands of a material of mivmn^ 
dectrical conductivity, including gn^hite fibm, noble metals and conductive polymeis. 
The high surface area mat^ial may include conductive coamics, conductive polymers, 
fuU^nme mat^ial, azite and odia- conductive material. The dectrical conductivity of 

30 the high surface area material may be chanced by employing an dectricalty conductive 
baddng matmal as a baddng lay^, or by adding dectrical conductivity enhancers, 
such as powdered grq>hite and ac^lenebladLhomogneousty mixed t^ orl^ 
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osiuig a Uij^ suifece atea iaialaiai ^ch itself is mtriiisically ^ tdgtify eledtrically 
OHKhictive wiibmA aiqr tmi^g layo- or obancen Tte hi^ sutiiioe area imatmal limy 
also be activated cartKm treated with a chemiral, Hke alkali, such as potassiuib 
hydroxicte, or a fnHogm, lite iliiorine, to iniorease tiie surface area and conductivity. 
5 Activated earbiim tnatdrial of greater than about 1000 square meters per gram surface 
BTCB. are preferred^ 

in one embodiment^ the high surface iarea comprises an activated carbra fib^ 
woven layCT which provide for electrical ccmdiictivity and high pofosity , although any 
other material which is highly electricalty conductive and wMch has inicropores can be 

10 enqiloyed for the high surface active area. 

Optionally but di»iredly, where the sqianttion of certain fluids are involved, 
such as with biologiGal fluids, pntteiiis and organic mbleoules, the high sutliice area 
matoial may be jmcessed or treated to lediice the adtesioh or Oimp&m of such 
inoleGiaes to Hat siirfBbe malerials. Typical treatmeots woidd iwhide the use of 

is fluoioeaibonSi sifiooiEies, and otho* surfoctai^htype materials on the high suiface area 
malerials. 

Anotfa^ material which may be ^ilidoyed as the Uj^ suiftce area layer 
conqnises a matiariai known as azite, a blade, eeiramuc-like substance, which is Idghly 
poibus dM strong and y^ deetticaUy conductive and is conqx>sed of a syntiietic 

20 cai^ipolymerwi^ In addition/it is d^irable 

to provide for chemical modification of the hi||i surface area dectrically onuhictive 
laya* by flie raq>loym^ of adscnbing molecules th^eon to alt^ the electrical 
characteristics, sudi as for example, adsorbing an aromatic molecule that contains a 
charge group onto the carbon cloth material layv which chonical modiftcation of the 

25 surface active area may act as an i<m exdiango-. Azite matmal consists of micropores 
which i»ovide siqi^or capacitance properties due to the elimination of one diffuaon 
barrier, that is, macroporaus and ndcroporous layers, and is easy to fabricate. Azite 
matmal provides for a three din^nsional structure and may thus be used akme in 
connection with mmfy a nonixxrous didectric spaco* to provide a flow-through 

30 cqndtor. In addition, since the tiiree dimoisicmal stnicture of azte 

ccmvective flow right through the pores of the matmal allows a fastea- method of 
purification than other matmals, such as activated caibcm and platinum blac^, iiiiete 
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tlie pdiosi^ cm the smhtee, and slower ^ocesses of decttodiffasioa set a iindt cm 
the speed of sepaanlkm. 

The inisdbitmg spsicermzkmi^ vsmOy in lay^ form, is placed b^wem die M0i 
sdifaoe area miaterml ilo provide dectrical insiih^ of tfie anode^ttidde paiir and is 
5 fluid poroits and rancmdiictive to the flow of elections, but wludi is ionkafly 
pmiieable or conductive to aUow the passage thetedirou||i of ixxiis or ionic carri^. 
The insutatihjg iimt^ial may conq)rise a porous woven of non-woven fibrous mat^ial 
compoised for exanq)le cif polyin^c or natural fibeis or mixtures tfaieredf^ such ais 
oidbic iBbo^, lite polyiHopyl^; pb^ like nylcm; fib^lass; polyester 

10 fibers and fluorocaibon fibm. The insulating matedidm 

polymmc membrane mi^mals of ionically ccHktuctive matorials, such as fhiorpcaibon, 
polyaihide ii^^ like Nafion^ material (a tradamaik of E.L Dii lHmt de Nraiours 
& Co.). The insul a tin g material may also condprise nonconductive particles, such as 
ceramic^ sOicia, pblymmc or ottier ncm-insulatiiig material particles, akme or in a 

15 mixture f timed in a bed on shei^ The insuUtting spacer ^ m 

a thidaiess of less tfaiain abdiiit 10 ndls ai^ a pcm^ w mdecular cot off of less than 
aboA 3i9 nucrons, e.g. 10 midRHis or less, aiid requires a cut-off of less than the 
molecobr cutHoff of the oiaiddcfive higli siiifioe area material. 

The flow^flinii]^ capadtin- is oonqiosed ^ at lost one and typicaliy a phuality 

20 of the ahefnatiqg aniDdeKattode onits^ fxr^ if itediedj may bis ivqwed a^ in 
variouis geometm fmns and niay mdude a ^kii-mmAf washer te* ilisk stadbed cnr flat 
iiuBA oonqnisu^ <me layer of a high surface area material, eadi with or without an 
electrically conductive baddng Iqrer and omittii^ the second insuhitmg layer. The 
anode-cathode pairs may also comprise rod or tube-like gecnnetries. Hie composite 

25 tubes or rods may be any gecmietrical shape, mcludingpolygcms, liketexagons, square, 
rectangles, triangles or be drralar or dli^cal. Moreover, eadi single in^ surface 
area layer may have one or multq>le conductive solid rods or tubes running inside or 
through the material to provide greats conductivity. 

Electrical leads are connected to each of ttie altmate anode-cathode pairs of 

30 dectFodes, eith^ connected directly to the high surfoce area nmterial wh^ no 
conductive backing layer is used or to the dectrically conductive backmg material. In 
one imf ened raibodimmt, the electrical leads are integrally formed and extend from 
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ibt high suirfece area matearial or the comhiciive baddn^ maieiial, which integndly 
fonhed leads xedoo^ dectrical resistivity, liie electiica! iemis cmmect the series of 
sqjaiate aockle<iafliode Units aiid aire coiniiected lo a DC pbwor supply . 

The coodoctive baddi^ mattimil sudi as ih laycar or olh^ fointl^ Wheie 
5 en^ioyed^ can be composed of aiiy electrically conductive iiiateriai» soch as a ihetal 
film, for exaiqple, of aluminom, or mtve particularly^ of an electrically conductive 
caibon, particularly gnq>hite, in thin foil form. Whm wed, die high anrface area 
idedrically conductive mat^ial is secured or placed adjacot and on both ^des of the 
electricBlly conductive backing matedal. G^milly^ the conductive tetcldi^ inatenrial 

10 conprises a graphite foil or a conductive metal like silv^ or titamuitn or other metal 
of alloys, <m which palladium or platinum blac^ is electro(^x>sited to chance tile 
conductivity, and also selected for tfadr conposion-iesistaiit prqiealies. Optionally and 
preferd)ly, tiie coiiduc^e baddng material say be petrous and» for exaaqile, imve a 
phicalily of holes to pentit iiqpdd f^ theiettinHigh. 

IS The diidEiiess of the iujeli surface area material and tte spao^ imtmal and die 

ccmductive backuig iiiat»ial> whm eolployed» m^va^ as desiied, and ^eamliy may 
ranjge, for isninpte, from abimit LO to 10 nnls for the coodnctive bacSdi^ material^ 
where tiqikiyed^ and from sdmit 25 to 300 mils for tiie 14g|i surboe atea material and 
ibout 16 to 100 ihib f tiie a^cor matoi^ 

20 Hie ibw-tiiroii^ cajpadtof may conqirise a q^alfy^wound flOw4faroi^ 

cqMuator Which comikriises a phurality of spaced q)art layers of tiie sdected material 
with the high suifaoe area material hyers foaqg each oflier and sqmated by the 
insulating spacor material and optionally <m either side of a ccmductive baddng lay^, 
the spacv material defining a flow channel to pmoit the flow of the fluid tii^^tiirough 

25 and the laymqrirally-wound about a hcdlow central core, the cmitral core acting as tiie 
inl^ or outi^ of the flow-through cqracitor ai^ typically being porous or having a 
plurality of hol^ timmghout its length so as to permit the fluid to tie separated or 
purified into the porous ^cer layer. The flow patii of the fluid may tie down through 
the central core from the outside of the flow-through cqiacitor. Generally, the flow- 

30 through capacitor may be sealed at each eoA and has anode and cathode leads typically 
which are integral with the high surface area material lay^ w witii the cimductive 
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ba^±iiig lay^ wti^ mploiyed^ wttk^ leads am adapted to be cdnwcted tiundugb 
insulation in tfie housing to a UC control pownr sti|q>ly ^ oiartml $ysiem. 

in ancMiier atubodinient, the jflow-tiiroogh capacitor may coiaprise a plurafity of 
sladked \vi^lm or disks secured aboiit a central, nonconductive porous tube or support 
5 inems Willi the washer ttds isealed. The centnd tube may be porous or have holes 
piiik^h^ dieteiil or may be a tod having a plurality of longituduial grooves tfiardn for 
the passage of fluid. The washers or disks may comprise in smes a first high surface 
area lay^ separated by an insulating layer and facii^ a second high surface area layer 
or wl^re, optional^, a conductive baddng is eanployed^ hig^ surface area lay^ are 
10 secured oa the opposite sides of the baddng, and thiiisi conqmse a sequeaice of each 
anode-cathode unit of an elecbicaUy conductive baddbag layo", a high surface aiea layer 
on one side of the baddi^ layer and an insukting spacer mafi^ial lay^^ aiid im tiie 

qipOSIle side of the bad^ a second smfaoe area layer smA sm tngilaring 

layer. GeneraUy, the wasl»^ 

15 the cemtFal tube and secured togetfier in a ccmiiffessedy conlactihg anv^gCTKOt lor the 
piessure of thread od caps or threaded rods oh eadi side or od»r meaii» whfam a 
housmg. The numba- of stadked wajs^i^ may vary as deared. The ffow-thrbu^ 
cajpaditor may be ^lac^ wiUmi a <»urtrldge or a Ikiu^gt sneh as a stahdbid fOto- 
carbidge^ with the cmtr^ge or bousu^ ha^dng a oondiimtfioii aimle^s^ 

20 for eatiimple^ of paptato^ esteiufiiig dimlhroi]i^ and connected to the dectrieally 
conxhiciive higli surtsiw area akme or ttooii^ the onuhictive baddng material. 
The housang or cartridge inchutes an inl^ for the introductikm <rf the fluid to be 
separated. Ge&eraUy,tiie purified liquid is tfin withdrawn from die t^ 

Whm raqiloy ed , the dectrically conductive baddi^ material may be en^lc^ed 

25 in film, fiber, rod, tube or foil-type fmn and have the high surface area matmal 
secured or bonded and placed adjacent in any n^nner on die opposite surface thaeon, 
so that die hi^ surfoce material will face each ofbsi widi an mtervoii^, insulating 
matmal in h&tweea. 

The controlled charge chromatography or oth^ system employing die fiow- 

30 through cartridge may be employed for the sq»rating of a wide variety of fluids and 
more particularly, any solute, solvent or liquid system that wants to be concoitrated or 
purified by resolving into sqxutate species. The solvit can be pohr, such as water, 
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or mm-poter^ sacb ais aii avoinatiCj wUdi fluid conitaiids inafoial whkh has selecttvi^ 
fn- the soiid phase and i^eh can be modukited by ecttiCPollii^ ike chaise of ilie soBd 
phase, ttiat is, the higjh sorfece aiea layer. For exaiqile^ tiie sohrtion niay be ((^ 
dekuuzed wata* witti resolved hands of iodc species, such as sodium chloride or otfa^ 
5 salts, and dso any oth^ types oif molecules, organic, inorganic or biological. The 
inVeiitioh will be disclosed for tte purposes of illustiEtion in Mimiection whh the 
separation of ionic liquid sohttes; however, the system and method may be 
advantagecmsly ejaq>loyed and used in the sqiaration of oth^ fluids, such as, but not 
limited to: UMKionic scrfut^^ like hydrophobic solutes> of oth^ fluids which contain 
10 one or mcne coinixMiCTts which intact or are affected by electrically conductive 
surfoces, for example, liquids containing DNA^ viruses, bacteria, cells, colloids of 
mixtures tiiefeof^ I1ieflow'^thn)uj^cjq)adtdf 

swimaiy lAase as tt^^ area phase of ttie flow<^tiiioi^ ciqMiciior. 

l^picaDty, the ^Aa^woufld flow^faim^ capadtof baviqg a ontrai tiibe 

15 employs j^e or a lesin sealer at die ends f w asseinbly and insertion into la cartn^ 
hmsiae. In cper^on, die fhud is introdiioed into tiie ceotral tube and flows radially 
outwardly <ir^ more fteqiieiiidy^ is infrodiioed b^en the exterior ci tte 
flow-ifarougli cqpacitctf and the ingt^ior of tiie bouajog and flows radially inwardly 
toward the central tube. 

20 Inanotiia' ettibodime^ capadtof , a flow-throu^ 

Giapadbr is ass/asbtoi without the iieed for end ^ue and sealing adhesives ir^ the use 
erf a fliirinkable, tiglit or snug-fitting polymoic tiibe or dmmd about d^ exterior of the 
fiow-dm>ug|i cq>acitor, such as, for aanq>le, the use of a heat-shrinkable polymer 
wrapped about the exlmor surface of the spiral-wound flow-through c^citor. Any 

25 shrinkable dieet nrntmal can be used g»»ally in tube form which is placed about the 
c^dtor and ibsn shrunk by the aiq>lication of heat, radiation or oibsr means. For 
exanq>le, heat-shrinkable fhiorocarlxm polymo^, like Teflon^, or olefinic polym^, 
like polyetfaylene» can be used. In this emboduuCTt, the c^itral tube or conduit in the 
spiral-wound cqiacitcMr has one or more holes in a sdected position in die tube, 

30 generally at the middle of the tube, and usually qiaced apart and uniformly arranged 
about the tube p^h^. The central tube is sealed at bodi ends instead of sealing die 
capacitor layers diemsdves as in a typical spiral-wound ariangCTim^ A ga^ is required 
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In llie sinniiin^^ lay- by cuttii^ slots or holes tiberein aod 

afignifig tte cot holes sliQils wKb die hdles in the central tiibe to form a ladia] flow 
path. In this raiboidi^^ 

the layers of the spiral-wound o^pacitor unlil the floid reaches the cential gap of hole 
5 ki the entral tube and tfie fluid is withdrawn from idle outlet at dl of both ends of the 
cential tube w cmduit. This embodiment p^mits the easy assembly of the ^riral- 
woiind flow-through cqiaciUMr wifliin a ci^dge for use without the use of aid-sealing 
resins and adhesives by the use of an outside lin^ material and gaps of slots m the hi^ 
surface matedal layers aligned in a flow relationship with holes in the oratral conduit. 
10 The invientioiii will be described for the pmposes of illustration only in 

connection with certain embodinirats; however, it is recognized that those pctsoas 
sidlled in the art may ntake various modifications^ changes, inqxrovemrats and additions 
to the fflibodimots or illnsttated rad^ aU without dqwting from the spirit iEUid 
scope of die invotion. 
15 Brief Begcnprim of the nra»iiiya 

Hg. 1 is ian illustrative, sdieihaticy paitiaity exploded view of a spoiFal-woimd 
flow-throdgh ci^pacilor df the inveatioiL 

Fig. 2 is a schematic^ illiistiativei paftklly sectional view of die compABted, 
S9»ir;d*wound, jSowHArougli dpualor of Fig. 1. 
20 Vig. 3 is a sdhematic iUustnitioii of a chrotiiatognqpllic odumn and i^slein 

eimpkyiiog the flow-throng cap a citDf off the invcaitioiL 

Fig. 4 is a sectimal, ohiged view dirough Ime 4-4 of Fig. 1. 

Fig. 5 is a schematic, ilhisttative, exptoded view of a slacked wadier flow- 
through c^dtor of the inventicm. 
25 Fig..6isap»qiectiveviewof theassembledflow-duxiughc^iacitorof F^^ S« 

Fig. 7 is a fragmratary , partially secticHml, schematic ittustration erf a controlled 
charge chromatographic column of the invention with the flow-through cqmcitor of 
Figs. 5 and 6. 

Fig. 8A, B and C are top plan views of three embodiments of the conductive 
30 baddng wash^ used in Fig. 5. 

Fig. 9 is a perspective view of another CTibodiment of the aggf^ihlfd flow- 
through capacitor of Fig. 5. 
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FSg. 10 IS a ftagmentaiy, partbify secti(»iaU sbhemafic ilQiisiratioii of a 
OQ0tit)ned dtaige dbmmogpij^ cblumn of tite ihvefttiQii with tbe flow-^dmnigli 

Fig^ 1 1 is an ^olaiged, fragmeotary , per^iective viiew tit a plurality of tlie flow* 
5 tbrough (»pac^ rods. 

Mg. 12 ]s a& ^ilaiiged, p^^iective^ pa^^ sectiooai view of a plurality of the 
flow-tlinMigb capacitor rods of Fig. 11 witfain a housing caitridge. 

Pig. 13 is a schematic, partially exploded, pa'^iective view of anotiier 
raibodiinCTt of a s|»ral-wouiid flow-tfarougli capadtof of die invention. 
10 Hg. 14 is a schematic, partblly sectional view of a fluid sqiacation ^stem wiSi 

tte flow^tfaiough capacitor of Fig. 13 wi^ a housing cartru^. 



Widi fttrtijaiiBr lefereaoe to Kga. 1 and 2^ Am is Aown a spiral-'sMniiid flow- 
fiiiouj^ caiNKilV 10 coiqifisedof a plnndity of fa^^ wmnd abonita ontoai jOastic 

15 tube 24 having a plurality of p^forations 32 thc^itni eidoidipg domi its length and 
haidng a end wiuch sdfves as an iioiec for a fluid to be purified and an oth^ ei^ 
whidi serves as an ooUet for ittte discharge of die purified fliiM ionic species. 

Layers 12 and 18, which may bs the same or differait, fcm a diDiicoffliductive/ 
insuhtn^ porous, spacer Aeot mafimal bandog a tlndbdessicff ei^^ mils 

20 to SO niits> and m&st particttlaiiy> a layer of nylon woveii ckilii w^hidi farms a 
nononKfaK^tive sp^^ mafera^ Lay^l4and20 
Conqirise a conductive baddng layer, which (qidonally may have holes punched therem 
10 in^MTOve flow piope^eSj and includes intend teads ^dending tfaerdrom to act as 
elec^cal leads 28 and 30 for connection to a power source. For exanq>le, the 

25 omductive haddng may conqnise Uni(m Caibide*s Grqihofl^ brand 5 mils lliidc 
graphite foil with pin holes punched tfaer^hrough. Layers 16, 17, 21 and 22 are 
oonqirised of a high surface area conductive material, and nuxe particularly in the 
illustrated embodimoot, an activated carbon wovoi fib^ clodi to form a charge-holding, 
conductive high surface area (for »ample, clotti ANF #62 from Toyobo of Jqian). 

30 The high sui&ce area matoial Isym 16 and 17 and 21 and 22 are txmded to opposite 
sides of the conductive backing laya* 14 and 20, and direcdy face eadi other and are 
eadi separated only by the insuhitiiig material layers 12 and 18. 
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Pig. 2 is a sclieniatic illusiraitiQn of the ftew^hnmgli ca|ndti^ of Fig. 1 
^pdnem the layans have been wrapped uound tiheoeotral tabe 24 wheran both aids are 
sealed widi ah ^xy »dxi 26 ieaving open die iiii^ of die tube 24 mi die ojs&et. 
Fig. 2 iliiisiiates a partiai sectioniail view diiat the itaGr tobe 24 has z seiies of holes 32 
5 therdn, for exuiiple> 1 min diameter holes, l/lb" apart, on a 3/16'* ootside diamet^ 
tube, in aiiodier embodiment^ die capaditor miaiy have ho qpoxy seals, and iei siolid tiibe, 
so diat flow is between the layers. The ciapacitof may have die top end of the hollow 
tiibe sealed so that the directicHi of die flow is through the sides of the device, throu^ 
tte succ^sive kyers, and then out die open end of the ihn^ hollow tube. 

10 Fig. 3 is an illustration of chromatogiqdiic cblunm 34 and system ocmtaihing 

the flow-dmnig^ capacitor 10 diisposed di^ein and g^eratty ^dally aligned with the 
axis of d^ column 34, the column having an rad csp 36, ian inl^ 38 and connected to 
a tubing 40 for die introduction of a fiiiid nraterial to be purifiied, the emi cap gask^ed 
to a defined pressure^ for ennqile, to 100 pist, ud the ooldmn 34 to 

15 42. Baclodihg frohi die column 34 are the conductive leads 28 aiid 30 which have 
qibxy seals wfai^ the inilfet tubihg 50 and die X^tapbeSfl leads 28 and :30 come 
through column 34. For aaiisple, the column 34 may conapiise a tianspaii!ia^ plasdc, 
fxiij^nici^larm, syiing&^pe band. Leads 2% and 30 ans ommecied to an outside 
power supp^ and cdntnd S6. 

20 Fig. 4 is ah oolarged secdcmal view of die fikiw-tibiduc^ capacitor oH Fig. 1 

iUnstratihg Aat die respect high surface malenai kyeis 16, 17, 21 and 22 on 
oppofflte sides of sqnrate, oonducdve baddhg material layeis 14 and 20 and facing 
each odier, but separated by die insulating byers 12 and 18, to provide an dfective, 
inqxroved flow-tfaroug)i cqMidtor widi a pair of anode-cathode units. 

25 The grind-wound flow-through capacitor of Kgs. 1-4 was prqiared CTqiloying 

as the high surface area matmal two 8* x 3" pieces of 4 gran^ eadi of activated 
cartxm cloth (American Kynol Co. of Pleasantville, N.Y. ACX:-509-20) as die 
insulating spacer matmal, two 3" x 5" pieces of nylon cloth 2 micron pore size (T^o 
3-5/2) and as die conductive backing lay^, two 3" x 4"" pieces of a 5 mil grajdiite foil 

30 mat^ial (polycartxm). The activated cartxm clodi was folded ovct die conductive 
gnqihite foil and die insulating matmal placed on eiifaer side and die h^ers then spiral- 
wound about a 3" long 1/4" OD pla^c tube widi holes dmdn, the tobe ads sealed. 
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and the device fdaoed in at prd^sine tight 30 oc syringe bntei as a cartric^, md a DC 
voltage of 2 volts i^Ked to the cdodiictive nialeriail Jeads. The device jnirified a 
aOlM scxfiuffl chloride solutktt to belier than 90% purity at a flow rate of 14 
ihi/inihute at 2 volts. Hie tecovitted siodiiini chloride peak was greater thm 0.05M 
5 cdihceiABticML A 6.1M sodium chloride sdliitiod was purified at 1 inl/miniite to belter 
than 80% purity. A flow capacitor using idratical quantities of activated clotb but 
spiral-woahd in alteraating layers as in U.S. Patent 5, 192,432 with a flow rate of 14 
ml/minute and O.OIM sodium chloride snlutinn feed provided only 60% purification 
rather tiian 90% purification with the £ace-to-fBce, hig|i surface iarea embodimoit ais 
10 ^own. 

Fig. 5 shows a stacked wasi»^ flow-tbrou^ capacitor 100 m an eacploded form 
having a nibba- ^wsh^ 102 at the t)op€iid ttimf to fc»m watertigtt se^ when flie 
capadtor liM) is put inside a The 
carlridlge 100 ooniaios end cq» 106 made <rf m inert, octnooildudiv^ matertflii^ such as 

MS for exainple, a denaty potypropy toie lesui^ with the end caps tiireadeid oh the 
inside to siQrew taoo flireads 108 oh the eiid dP a central tube 110. l%e top mi cap 
mchides two concent ri c dfdes of inert conductive material ld4» such as for enmple, 
b«ft:not liiiiiledt^^ goM, gold fcdl, graphite or pl^^ The 
ceiatral sqiporibg tube 1 10 conqnises a poioiis pofye^yl^ tlibe, for exiampie a 10- 

20 mcfttbbeof jporous The 
central tube 110 acts as a siqyporting mismb^ to hc^ the rii^-^ped or wash^ parts 
tog^er and und^oonqiression when the end cq>s 106 are threadably screwed against 
the Olds of tibe central tube 110. The porous plastic tube 110 allows for flow out of 
tiie middle of the tube to the top end. The tube could also include a solid, rod-like 

25 element witti longitudinal, fluted site to provide support for the washer elements and 
also provide for flow out of the tube. Employment of a central, plastic, porous, 
polyethylrae tid>e has ttie added advantage of bdng also a ndcrofilt^, for example, of 
one to five microns or less, so as to filter out any fine nmtmal wfaicfa may leach off a 
cartxmdidc or other washer matmals. The cartridge 100 mcludes a plurality of washer 

30 materials m sequence to indude a porous, nonconductive spacer matmal with pores, 
for example, a synthetic, fibrous material or other type of ncmcmductive spaco: 
material, such as fibeigbss or woven i^lon. 
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Wasber toaiesfki 120 ctocapm^ wy men, bcmductive baddng material, for 
exuaapte, a S^iiul tUck GnqphoiF facand (Unicm CaiWde gtqptldfe 160 vmaisH) wifli 
imiltiple boles 119peifcm^ Tbis 
giaphite foil matmid (also see Fig. S) provides a pair of wasbi^ ingtgriak 120 
S comuscted i^ bridge 115 having an optional notch 114 to accommodate 

electrical ocnimiiinicatiQn to a conductive matmal. The tab or arm IIS connecting the 
two hsdves of the baddng matoiai 120 provides for the connecting tab or am 115 to 
be crifloped to form tabs tibat extend mitside of ttie cpmpleDed, assembled flow-throii^ 
cartridge, i^ch tabs can then be utilized for form conductive leads. In one preferred 
10 embodiment^ ttie conductive leads teving charge may be faced inwardly. 

Hie wa^^ matmal 116, 117, 121 and 122 conq^ises siiy bigb airface area 
conchictive material. One ^caiiq>te is the uise of KX Indiistries eatfruded, aetivated 
carbon tid)es which are hehl tc^ether ^dth a miali amoont of po^^ifpriDipyl^ biild^. 
These tabes are erirad^d in tube shqKS 2" overali in ifiuneler witti an huttr 
15 wUch is wi^ed to 1-3/8" and cut into rings of dxiut 1/S* thkdoiess. iSuch Ugh 
suriioe area oMducthre material 120 mff^ also include activated carbon doth fuU oiF 
acii^ted caHxin fibexs, rinee the Gonqireswm jdioided by the stackied washer cartridge 
iElow dedgn would cooqxress the Idbse matniai and allow h to become coiiductive by 
inner paiticJe contact^ tbus dllowiiig the choice of oth^ im^cp&ime^ conductive^ lugli 
20 surEace area conductive matnials, 

tile eoiiductive lei^ material 126, as tSamm on the right hand sidte of die 
ea^oded diagram in Pig, 5, indudes folded tab 128 which can be made of any 
declrically conductive material, such as for exanq»le, Graphoil*, or may also be a wire 
(as diown in Fig. 9) suitably coated to protect it from tte ravironment or a naked 
25 inner wire of gold cm- platinum, along with the electrically conductive notaial, could 
be attached by a clanq> 130 to the arm 118 or tab 132. The conductive nmtmal as 
ilhistrated in Fig. 5 is shown m corrugated form. The flat tab section 128 is designed 
to lie on top of parts 120 or 116, 117, 121 and 122 to form an dectrical contact 
under compressicm. As illustrated, an opticmal notch 114 can be employed to 
30 accommodate thickness of the tab, while m many cases the ott^r materials are 
conqiresrible^ioiigli so this added notch need not be einplpyed^ The conductive leads 
126 and tabs 128 shot togeth^ the alternating layers conqx^ed of conducting l^ets 
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:U6» 117, 121 and 122 and 120 wInjBh iEwe i^qniaiBd by fhe insidalii^ii^^ 112 and 
118 tt> ibrm atieinatiiig washer anodes and cattiddes up and down die central tiibe 110. 

Fig. 6 ^bom ibt aissembled flow-thnMigli cqtacHdr cartridge 100 i^mi^ the 
side leads 124 fliat dftnt fbe altenialing anode and cathode washer layiers toggediK m 
5 paralleL tlie tabs 128 are now inessed agairist die baddiig iaym 120 to forin 
electrical contact The conductive leads 124 are also electiicaUy ccninected on each of 
the conducting drcles i04 in tte »d 106. The a^ndited flow-dirbu^ capadtor 
cartridge 100 as illustrated in Fig. 6 is thus rea<fy for insertion in a standard filter 
cartridge for me as a controlled diaige chfomatc^ifi^hy system. 

10 Fig. 7 is a firaginnitary, partially sectidiud, schematic ittustxation of a cmtrolled 

charge dntmmtogr^y qppaiatus showing the use of the iHowHliroag^ capidtor 
cartridge 100 within a standlud filter cartridge 136 having a sccew-on head 138 with 
tiie inlet ISO for the introdoctioii «f a liquid for a edutiolted chttj^ c^ttoittdpgi^Bphi^ 
separs&tt/and an ooilet 1^^^ 

15 ceotcd sqipQrtiqg ti^ The cartiulgB head 138 is 

etectricaiDy conductive leads 148 to an ouiade pow^ sui^i^ «at|i die i»liddyinaDit of 
paired conductive for iexaiqrie 3/8* jgrapiute ibd^ 144 and 146, having pointed 
eadSj which are in declrical contact widi di^ drdes 104 and the eikl caps 

106 Cf the cailrid^e 100^ with onnpresiacni nids fised to form a w^i^ght seal ofyet die 

20 rods 144 and 146* Tlueaded insets go in to die filter hcddo' cartridge top 138 to 
c or re^M i iiBng dneaded hote^ for the oiyloymait of the rods 144 and 

146 in a wat^ght faduon. The rods have leads 148 to a power sun>ly (not shown, 
but see Fig. 3). The fiHar hcddor top 138 is screwed tigjUly to form a watstig^t seal 
against washer 102. The conductive rods 144 and 146 are pressed firmly against the 

25 concCTtric conducting circles 104, th^^y forming dectrical contact dirough to die 
leads 124. Since die washers are concentric, no natter how the top is screwed on, die 
rods 144 and 146 wiU always be positioned in the rq^ place against conductive cte 
104. 

In opeiadon, a liquid to be purified is introduced through inlrt 150, 150 flows 
30 to the outside witfam cartridge 136, and goes tfann^ frcHn the inside to the outside of 
the wash^ 102. Purified liquid is dien removed througfh the ooiiral tube 110 and 
diereCore dirough oudet 152. While the conducdve baddqg material has bem 
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Oesctibea m sL particular fonn» that is, two washws 120 witti is coiidlic^iiiie a^ bddge 
115, ttiis paittcolar fcm not esseniki to ttie c^«ati6ii of the flow-tliiDii^ capacitor 
of die inveatioii, and ob^oiisly may be jr^laoed by other fdiins, but die ittnsiiraced 
fonii rqntsaitss onie pn^ened einbodjiiieiit enqiloying the dectricaily conductive 
5 baddng mMmal in idle siac^ 

Fig^ 8 shows dnee types of etBctnda% conductive buddng wa^im A, B and 
C. Pig^ 8C shows a conducdve baddng wBsbet 120 connected by coimecting tab 1 15 
with an optional notch 114, and multiple holes 119 prorated in it to jnovide for b^t^ 
ligiud flow-duxmgh. Pigs. 8A smd 8B ^iow sepati^ dectric^y conductive baddng 

10 washm for layers> with Fig. 8A showing the optional notch 114 to accommodate 
electrical communication to a conductive roatmal and Rgw 8B showing an extraded 
tab 132 fcH* attachmmt by clamp 130 of an electrically amdiictive wire or lead 134. 
Thits, as iUustrated, a new, inqnoved and uni^e flow-dooiigh ca p a c itor and controlled 
diarge purificatidh dnomatugiaiphy coluran syArai and iKdiod have beeii dilKiovdred 

15 which provide for the elSe^^ 

dectric c^adtance and higji surface area, higli adsorption abiOi^, dectricaily ? 
cQodttCdve, stattonfy ftuse m the diromatqgrqiSiic obhimn. 

Fig. 9 shows anodier eodKkBn^ 
fbe tab arms 132 eMcfi^g from the roinpres^ washer asisenibly widi dectticaDy 

20 condiK^tive chn^s 13Q ccmaected to each odier by an dectiicai% conductive wire 164^ 
wlucii leads Irmn the aqpadtw t[>M pcma supply by lead lines 154 iud liS5 on ddua* 
adecf diecstpadtorlQ5. The assCTd>ledflow-4hnmgJicqndtor cartridge 105 is thus 
ready for inseitioii in a standard Wtsr cartrid^ for use as a oontroUed charge 
chromatogrsQ^lq^ system. 

25 Fig. 10 is a fragmentary, partially sectional, sdi^natic iUustration of a 

controlled charge chromatogrq>hy apparstas showii^ the use of die flow-dirough 
c^citor cartridge 105 widiin a standard filt^ cartridge 136 having a screw-on head 
138 widi inlet 150 for the introduction of a liquid for a controlled charge 
chromatographic separation, and an outiet 152 for die removal of a purified liquid from 

30 die ccata of die siqipcHtii^ tube 110. The cartric^ head 138 is modified to allow 
wat^tight, electrically conductive leads 154 and 155 to extend to an outside pow^ 
supply (not shown) dirough holes 158. Threaded screws 160 screw hdo die filt^ 
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holder cartridge tc^ 13S through holes 156 to airr^^ 157 in the 

top cfmx 106 to scbI flie oov^ in a watertight £ashi(cni i^gainst washer 102; 

jPigs. ii and 12 lUustrale mi ofitimial geometric foitn of the fldw-tihroug^ 
dqiadtw in a contact electroiJe bundle coidjfiguration 162. Fig. 11 illiistrafes die 
5 dectrbde bundles 166 consisting of high surfece conductive material 170 witti an 
optibiiai conductive tacking rod 174 cMtral hole 175 and side holes 176 to 
provide a fliuid flow path into and radially through tile M0i surface area matearial 170^ 
sunxHinded and ccnoi^cted by ion p^meable, non-^ectncalty conducti spacer imiterial 
168 and individual lead lines l64 extmding from the c^tral holes 175 in ttie rods 
10 174. The side holes 176 may be irqplaced, if desired, with a groove extending 
vertically along the rod 174. An electrical connects coixqxised of a pair of cqHshaped 
metal clanq» 165 at the end of dectrical tead 164 is used connect the ends of iOie 
gapMte iods. 

Fig. 12 is a pierspective, pait&diy section^ view of a pfanality of efectrbde 
15 bundles 166 witfam a hdder cartrid^ 136 with a scfev-on top 138 havh^ an inlet 180 
fw «te fhdd feed stfe^ The individual 

dectnxfe bundle 162, wifll conductive baddnjg rods 174 extenduig tfaere&VKm are 
ocmiKcted by dectricaUy^e^^ 164 esdendiiigifrom tte lods, whichlead 

lii^ are then gafli^ed into main lead fines 186, wliiidi pass out from the ortiidge 
70 hold^ 136 to ite pm&r sopply. The compact eiectrbde bundle configuration 162 is 
hdd t^getbsr by dirink wn^^ taOcm 188 applied to the <Mitside of the bundles, and 
furdier by waterti^ gaskets 190 to seal die electrode bundle against the cartridge 
hold^ wall. 

Figs. 13 and 14 show a further embodiment of the ^nral-wound flow-dmmgh 
25 capacitor assembly as shown in Fig. 1, comprised of a {rfurality of hiyers 12, 14, 16, 
17, 18,20, 21 and 22 wound about a cffltral plastic tube 24 with »dc^s 106 to seal 
the Olds of the tube, and an outl^ fluid feed 196. The conduit 24 has a plurality of 
holes 200 evilly spaced around the circumfnoce and at the mid-point of die central 
tube 24. Corresponding slots 202 are cot in ttie middle of the high surfeoe area 
30 conductive material 16, 17, 21 and 22, whidi slots, when wound around die central 
tube 24, create a flow padi for the fiquid to be purified to pass tfuxm^ the fi^ 
Fig. 14 diows the flow-through cqacitw of Fig. 13 in a cartridge hold^ 136 with 
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a scrcwKm lid 138 having two lioles 2^ in die lidio allow Ike main anodencafliode 
lads watertight egnss to outnde powo* sapply, and a fluid inlet tiibe 204 and cnittet 
196; The ^piiral-wound capadtw assend^ 194 is sealed by a diirihk wrap witti a t^km 
iiher 188 iand fai&i&c wrapped by a plastic pipe 218. Whra wound in this manner> the 
S slbtis 202 tat into tte middle of idgh surface area oonductive rmiterial layers 16, 17^ 
21 and 22 fbnn g^s 210 which align witti the holes 200 in the cpnduit tube 24, to 
allow the fluid to flow out through tiie crater. OMutactive leads 28 and 30 extaod 
from die spiral-wound capacitor coioiiguration to clamps 216 whidi attach the leads to 
die main anode lead 212 and nuuii cathode lead 214 through holes 220 in the lid 138 

10 to die pow<7 su^ly md cdntroL ^th the spuai-wbund flow^througfa cajpacitor shrink* 
wnQ^>ed in die teflon seal^ the isystem does hot require siding caps or glue on the ends. 
In this mann^ die fluid is intixiduced dirough fluid inlet 204 and is passed both 
downward and iqpmrd along^ It then 

travels throiigb die holes 200 into the cotiduit tube 24^ imd dien dot ttioiigh die oodet 

15 196. 
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CLAIMS 

What is claimed is: 

Ciaiffl 1 . A flow-throuj^ i^tecbiciid c^citor Imving at least oiie anode aiid 
2 cathode pair aiKl adapted for use in a bousing as a (^aifridge for use m tiiie dectric^ 

separation of fluids contairnqg ionic components, which capacitor comprises! 
4 a) aii lonically pmneable^ electricaUy insulating spacer material layer to 

p^mit ttie flow of ions ttusraOirotigh and into contact with the anode and the 
6 cathode; 

b) a porous, first hig^ surfeice area, electricaUy conductive material layer 
8 to act as a stationary phase anode; 

c) a porous, second high surfoce area, dectrically conductive maft^ial lay^ 
10 to act as a stationary phase catiiode; 

d) ttie first and second high surfiice aiea^ dectficalfy aindui^ material 
12 laym dispo^ to faciei eadi other eadenially cm diha* iside of the spacer 

matarml; 

14 e) a first dedricatty omductive haddng material layer; 

f) a second deciricalfy oooductive haddng matmal lay^; 
16 g) the iir^ and second dectcically coxductive baddng matmiai layeis 

dis|Kised externally and in dectrical contact respiectivd^ with tite first and 
18 second high siirfece area, dectricalty conductive mattoial lay^; and 

h) electrical lead means adapted to connect tlie fiitt baddiig and con^ctive 
20 matoial layer as an anode and tiie second backing and cooductive mat^ial l^er 

as a cathode to a source of dectrical power. 

Claim 2. The capadtor of claim 1 whichinchidesaphiFalityof altmiating 
2 anode and cathode pairs which capadtor includes first and second high surface area, 

electrically conductive material hycrs disposed extmially and in dectrical contact with 
4 opposite ades of each baddng mat^ial layer and with first and second dectrically 

conductive material layers disposed to face each other on dther side of the spacer 
6 material. 

Claim 3. The capadtor of claim 1 which includes a phuality of alternating 
2 anode and cathode pairs each of which pairs ccmiprises: 

a) a porous, first dectrically cooductive, high surface area material layer; 
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4 b) a fk)fous» second dectric^y conductive, hi^ isuiiB^ area inatBnail 

layer; 

6 c) a first etectricaliy cooductive backing nmterial kyer; 

d) the iirst and isecdnd high smiace area inatmal layers diisposed externally 
8 m eitbn* side cS the fiirst baddng niataial layer and in conq>iessed electrical 

contiact with substantially the 6>tal surface area of the baddlng material lay^; 
10 and 

e) an ionically penn^le^ electrically insulating ^sacer material layer 
12 adjac^t one surkce of the first or second high surface area, dectrically 

conductive material layers. 

Oaim 4. Hie capacitor of claim 1 wh^in the electrical lead means are 
2 fmmed integral to the first and seccmd electrically conductive backing mat^ial hyerSi 

Claim 5. The capadtcir of claim 1 whereui tte spacer material layar is 
2 sdected from the gnnq) ccwisiaing of: fibinouis sheet malmd; miaoporous polymeric 
membrane sbm material; land partkle^^xintamii^ ^dteist maloiai. 

CiaiiDB 6. The caf^citor of claim 1 wherein the spacer ii^^ 
2 iiioteculair ^ off porosity of less than about 3D micnms. 

Glaim 7. The capadtor of c^jm 1 whie^ the spacer material Iay«s each 
2 conqirises a M^le layer wbmiiy a fluid io be sepamied is htitroAiced betwea the 
layers of the fknible laye^ spacer matoial to jprevrat direct imfial contact of die fluid 
4 with the adj«:eitt hi^ surface iiirea inatmal lay^. 

<3aim 8. Hie capacitor of daim 1 wherein Ae spacer material layer 
2 con^Mises a woven polymeric sheet matmal havmg a tfaickwss of about 10 to 100 mils . 

Claim 9. The capacitor of claim 1 wherein the high surface area material 
2 hyer has a surface area of greater than about 1000 square m^^s per gram. 

Claim 10. Hie capacitor of claim 1 wh«:ein the high surface aiea matmal 
2 layers are selected from the group consisting of: activated cart)on; conductive 
polymers; conductive c^amics; platinum s^es black; azite and combinations thereof. 

Claim 11. The capacitor of chim 1 wheidn the first and second electrically 
2 conductKre matmal backiiig isyets has holes Omein for the passage of fluid. 

Claim 12. The capadtor of claim 1 wherem the electrically conductive 
2 matmal baddxig layers comprise graphite or metal fdl sheet materials. 
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CiiiiDi 13. Tbe capacitor of daim 1 whie^i^ the high surface area material 
2 layers have a thidmess oiF about 25 to 300 mils, aini the baddng mattmal laym havje 
a tfiidoiess of about 1 to 10 imils. 

Cbiim 14. Hie capaidtor of daim 1 wheran the high surface area nmtsrial 
2 biyer cominises activated caitm OT active cartkm trteted vnAi an alkali or a halogen. 

Claim IS. The cajf»dtor of claim 1 tirherah the high surf ace area material 
2 lay^ have been treifrted with a surfactant. 

Claim 16. Ilie capadtor of claim 1 wh^ein the high surface area material 
2 layers comprise an activated carbon woven cloth, the backing mati^ial layers comprise 
a grq[)hite s^e^ material and tite spacer niateriai layer conqnises a ipolymeric lay^. 

Cktm 17. liie capadtor of claim 1 wteirein the spiacer layer, high airface 
2 area layers and baddqg lay^ are in ^mai wound fonn^ and which includes am 
dectrka%-insulaliaig, porous central tube <m which tibie hiymm wound iibout to form 
4 a sfriial wound cqadfor caitri^. 

Gbim 18. The s|riial wound capacitor of daim 17 wludi indiides ailexleniai 
2 polpinic diroud in a ismig, hoal-shiunk rdationship about tibe exterior prnt^heiai 
surface of the sfnral wound cartric^e capacitxK'. 

Claim 19. The spind wound cqiacitor of daim 17 which inchides: 
2 a) a pfaiiality of aligned, radial, generally cehfafally , unifonnly positioned 

slots in the spAni wound, surface aiea materiid hy^; and 
4 b) wheran idle cotisl tiibe mchnles holes theim aiigned witiH the add slots 

in the high surface area nmterial layers. 

Chum 20. The capacitw of daim 1 wherein tiie laym are arranged in a 
2 compressed, stacked, washer column arcangramit and which includes a cmtral porous 
tube having an inlet and an outlet and about which the washer layers are anai^ed to 
4 form a stacked wash^ capacitm* cartridge. 

Claim 21. The washer capacitor of claim 20 whoein the dectrically 
2 conductive baddng material layers comprise attemating pairs of washer d^ents, each 
pair of backing washer elements integrally connected by an int^ral connecting tab. 
Claim 22. The wadier capacitor of claim 21 wherein the pair of t>acking 
2 washer elements have a plurality of holes in die baddng wash^ elemrats, the holes 
positioned to »tend about the c^itral tube. 
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Claim 23. The mslb^ capadtor of daim 21 "vfiudi includes a pair of 
2 oomigated, eiectrically ixjnductive tab deinmis altenial^ liragitudiiiaify placed on tiie 
extmial surface of flie backiD^ washer demmts to fonn contimioiis co na cc ti n g anode 
4 and cattiode electrical lead means. 

Claim 24. Tlie capadtm* of claim 1 which comprises: 
2 a) a phiraliQ^ of generally parallel, longitudinal, high siuface area rod 

eleineiats forming a high isurfoce area, electrically conductive material layer; 
4 b) a pluralittr of dectrically conductive, backing rod elemfflts extendiiig 

loi^[itudinally through eadi high surface area rod dexnent to form a backing 
6 material lay^; 

c) institaring spacer materiial suirounding die ext^or suiface of each high 
8 surface area rod el^nent; and 

d) electrical l^d means at ttie ^ds of each ctf tte backing rod demmts to 
10 fcffm a {duniiity of separate cathode and anode pairs. 

Claim 2S. The ciEqiadtor of claim 24 wher^ ttie hig^ surface area rod 
2 dements are pc^gonalrrshaped danents and ariraiyed in a dose, gieoeially jparalld, 
biiiidled arrangdB»L 

Claim 26. Hie capaicitor of diami 24 wlmdn ttie hig|i suiriEace area rod 
2 dements are composed of ai^yatjed carbon^ and die haddng rod ddnents are cbnqK»ed 
of graphite. 

Claim 27* The capacUor of ckim 24 ^odn il» bacldbtig rod demot 
2 comprises a Idle having an inlet and an outlet aiid a plurali^ of holes al^ 
of die tube. 

Claim 28. A spiral wound, flow-through capacitor cartridge adapted for use 
2 in die sqiaratton of a liquid containing ionic componmts, whidi spiral wound capacitor 
comprises: 

4 a) a central, dectrically-insulating, porous tube having an inlet or an outlet, 

or both, for the passage of a liquid; 
6 b) a plurality of separate layers spirally wound about the central tube to 

form a capadtor and which layers comprise: 
8 i) an anode first and second porous, high surface area, electrically 

conductive matmal layers as stationary phases, each having a surface 
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10 area of greiaiieaf tfian about 1000 mVjg, and each composed of an actiyated 

cartxm matmal; 

12 ii) a first electrically conductive, jkmvis badcmg material layer 

composed of a meial f o3 or ^faplute foil material, and having an integral 
14 electrical lead flterefroni^ and disposed in dilectiical contact widi and 

betwe^ the first and second high suifs^ area material layers to if onh 
16 an anode; 

iii) a first electrically-nonccmducdyej poitnis spacer matmal; 
18 iv) a cathode first and second porous, high surface area, electrically 

conductive material kyers as stationary phases^ ea<^ having a siirfsu^ 
20 area of greater than about lOQO mVg and each composed of m activated 

caitdii matmai; 

22 y) a second el^btncally c6nductive» porous backing mateiial layer 

compioisfld bf a meial fnii iir jgn^htfe foU matienal, udlttvingM integral 
24 etodrical lead therefroin, and diqxised in dectncal ccmlact with and 

between ttie ifiist and second luj^ suiiBce area matmal layets to form 
26 ail anode; 

vi) a secdiid dectricidiy^ikmeohductive, poroos spacer idateml; and 
28 vii) the first spaces: materid sc^watkg layer facing ad^ 

woiindi high surface area layers; and 
3d c) auans to retain ttie sfriiai wound lay^ about die cCTtral tiibe. 

Claim 29. The spiral wchukI capacitor of claim 28 wherein the means to 
2 retain includes end caps at each eod of the spiral wound Isyets and about the inl^ and 
outlet of the central tube. 

Claim 30. Hie spiral wound capacitor ot claim 28 wherein die means to 
2 r^ain incfaides a heat-dnunk polymer tubular matmal about the ext^ior pmpheral 
surface of the laym. 

Claim 31. The spiral wound capacitor of claim 30 which includes a genmlly 
2 centrally positioned plurality of aligned slots in the Ugh surfiu^e area spiral wound 
laym, and a phnality of generally catrally positioned, pmpheral , aligned holes in tiie 
4 central tube wiOi the said slots. 
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C3aim 32. A rod-type^ flow-through aqmdftxr caitri4g0 adapted tot ii$e In 
2 the sqMuraticm: 6f a liquid containii^ ionic conipQiints, which iod-1^^ capachor 
coiiiprises: 

4 a) a phirafi^ of bundled together, generally jparallei, longitudiiuil rod 

elmients having a one and the oAer end, eacH rod element conqnising: 
6 i) a porous, high suiface area, electricaily conductive mat^ial to 

form a high surface area rod element of selected exterior ishape with an 
8 exterior surface; and 

ii) a central^ electrically conductive backing rod having a one iuid 
10 ottier end aiid within the tu^ surface area rod etemot and coioqxKed of 

electricalfy conductive backing material; 
12 b) electrically insulatii^ malmial extending about the «terior surface and 

msulating each fa^ surface area rod element; 
14 c) the Uj^ surface extaior^f^ 

eirt^tor face suff^of anad demoitaiid separated 

16 only by the spstcer mafedal; 

d) means to connect eiecbicaliy the m& or 0Ss» eai itf eadi ceiittBl 
IB baddr^ rod to a source of electiicEd power to form a plurality of adjacent^ 

attmiafmg anodes and cadukles of the rod dlemrats; and 
20 e) means to retsSn tiie rod element in an arrayed, bandied cartridge iform. 

C9aim 33. Ibe rod-^ capacitor of daiiin 32 whercan the ccaitral rod 
2 comprises a tube having a one and otti^ aid for the passage of a liquid th»ediroa^. 

Claim 34« The rod-type capadtor of claim 33 whoidn the central tubes of 
2 each rod demeM have a plurality of holes along the loigth of die cratral tutie. 

Claim 35. The rod-type capacitor of claim 32 wha:ein die high surface area 
2 material comprises activated carbon, and the coitral backing rod comprises a metal or 
graphite material. 

Claim 36. The rod'-Q^ie capacitor of claim 32 whoon the rod elemmt 
2 comprises a hexagonal-shaped rod elem»t. 

Claim 37. A syslon for the separation of a fluid widi ionic components, 
2 whidi syslmi comprises: 



-23- 



W095/21«74 



PCT/US9S/01653 



a lioiisiiig haying an iiil^ and an cmdet mi banfaming Aerdn the 
4 caiiacitiH- of claim 1 and which system liidiides a i>C pdwdt cmitrbi 

means to siqiply pcmer to tiie anode and cathode leads of tbe capacitor 
6 to provide for the abscHptkm of a selected ionic wmpbassit in solution 

by the h|^ surface area matoial upon aiqslicatioii of the power and to 
8 provide Icht desoiption of the iohk component vpon shorting tbe anode 

land catfiode of the fiow-ttirough capacitor. 

Claim 38. A n»^hod for the sefparation of a fluid having ionic components> 
2 wUcA method comprises: 

a) introducmg the fliiid into the flow-thrbujgh capacitor of clafan 1 ; 
4 b) applying opposite electrical chai:ges to the first cattiode and second anode 

units to adsorb selected ionic cdmpoiMntis of the fluid onto the first or second 
6 malarial; and 

c) tnididrftwii^ a purified fhnd fnmi capaidtanr. 
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